A new study by Yao et al. in the current issue of Cell proposes that a novel vesicular protein, dubbed Flower, regulates endocytosis by controlling presynaptic Ca 2+ levels. This finding is intriguing not only for its implications for vesicle cycling, but also for the multitude of Ca 2+ -dependent processes at play in presynaptic nerve terminals.
It is well established that activation of presynaptic voltage-gated Ca 2+ channels triggers the fusion of synaptic vesicles with the plasma membrane, leading to release of neurotransmitter. Lately, much attention has turned to the role of Ca 2+ on the other side of the synaptic vesicle cycle, in which vesicular membrane and protein are retrieved from the plasma membrane by the process of endocytosis. Although the mechanistic details of endocytosis are still being clarified, it is clear from studies using diverse experimental preparations and paradigms that endocytosis, like exocytosis, is regulated by Ca 2+ (Ceccarelli and Hurlbut, 1980; Sankaranarayanan and Ryan, 2001; Wu et al., 2009 concentration (Heuser and Reese, 1973; Hosoi et al., 2009; Wu et al., 2007 Yao et al. demonstrated that the B isoform of the Flower protein, the only one of three splice variants expressed in the nervous system, is primarily associated with synaptic vesicles with some additional expression at the presynaptic membrane.
The vesicular localization of Flower suggested to Yao et al. a potential role in synaptic vesicle trafficking. Indeed, anatomical and functional analysis of the mutants revealed multiple phenotypic features reminiscent of previously identified mutants deficient in synaptic vesicle endocytosis including larger synaptic vesicles, an increase in the appearance of endocytic intermediates at terminals, and greater depression of excitatory junction potential amplitudes recorded at the NMJ at moderate stimulus frequencies. Compared to those of control flies, flower mutant NMJ terminals also exhibited less depolarization-induced uptake of the styryl dye FM1-43, which fluorescently labels endocytosed membranes, consistent with a deficit in endocytosis.
What is Flower doing on vesicles and how does its function contribute to endocytosis?
The flower gene is evolutionarily conserved from worms to humans, and Yao et al. noticed Figure 7E of Yao et al., 2009) . Hence, Flower is a channel in effect ''gated'' by the synaptic vesicle cycle. This self-regulatory mechanism presents a conceptually satisfying solution to the problem of maintaining a balance between exocytosis and endocytosis at the synapse; with increasing levels of exocytosis, more Flower is inserted into the synaptic membrane and the ensuing increase in Ca 2+ triggers higher levels of endocytosis. If Flower selectively associates with vesicular proteins, it could even enhance the efficiency of synaptic vesicle recycling by providing a local signal for the selective reuptake of critical vesicular constituents. It should be mentioned that Yao et al. did not explicitly link the Ca 2+ channel behavior of Flower to a direct role in endocytosis. Their data leaves open the possibility that disruption of a separate function of Flower, distinct from or in addition to its ability to conduct Ca 2+ ions, may account for the endocytosis defects in flower mutants. This possibility could potentially be addressed by assessing the effect of introducing Flower with the TM2 domain glutamate-to-glutamine mutation (which the authors showed abolishes Ca 2+ permeability) into flower mutant flies. Since this point mutation should affect Ca 2+ entry through Flower while leaving intact other potential functional domains, the prediction would be that the endocytosis deficiencies of flower mutants would not be rescued in such an experiment.
Nevertheless, the discovery of a novel presynaptic Ca 2+ source has significant ramifications for the regulation of presynaptic Ca 2+ levels that extend beyond synaptic vesicle endocytosis. The resting [Ca 2+ ] i of synaptic terminals is a critical determinant of several fundamental presynaptic properties including the probability of neurotransmitter release and the mobilization of vesicles between reserve and readily-releasable pools (Neher and Sakaba, 2008) . Even small changes in resting Ca 2+ levels may have significant effects on presynaptic function. For example, in some mammalian nerve terminals, vesicle release probability is enhanced by small depolarizations that elicit increases in background presynaptic [Ca 2+ ] of less than 100 nM (Awatramani et al., 2005 
